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Abstract: It is clariˆed by a computer analysis of the dispersion equation for longitudinal waves in a solid state
plasma that two modes of absolute instabilities (mode I, mode II) occur in an electron-hole plasma in InSb. In
the present study the computer analysis of the dispersion equation for longitudinal waves is performed for ar-
bitrary orientations of a carrier drift velocity relative to the external magnetic ˆeld. An electron-hole plasma den-
sity of 5×1022 m－3 and an electron drift velocity of 8×105 m/sec are used in the computations. The absolute in-
stability for mode I occurs in the presence of the external magnetic ˆeld. On the other hand, the absolute instabil-
ity for mode II occurs even when no magnetic ˆeld is present. The frequency of absolute instabilities increases
with the external magnetic ˆeld and an angle u in the range of microwaves and millimeter waves, where u is an
angle between the carrier drift velocity and the magnetic ˆeld. The wavelength and the phase velocity of lon-
gitudinal waves in a solid state plasma are calculated by the analysis of the dispersion equation on the angler fre-
quency and wave number. It is found that the maximum phase velocity is on the order of 105 m/sec and is lower
than the electron drift velocity.
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I. INTRODUCTION
There have been reported a number of theories on in-
stabilities in solid state plasmas [13] and the observations
of microwave and millimeter wave emissions from the
plasmas in InSb and InAs [410]. There are two types of
instabilities in solid state plasmas, that is, convective in-
stabilities corresponding to spatial ampliˆcation and abso-
lute instabilities corresponding to the oscillation. Almost
all analyses of the proposed theories have not distin-
guished between convective instabilities and absolute in-
stabilities. The theoretical analysis of absolute instabilities
is useful to clarify the mechanism of the microwave and
millimeter wave emissions from solid state plasmas.
The theoretical analysis of convective and absolute in-
stabilities for transverse waves (helicon waves) in the solid
state plasma in InSb under the longitudinal magnetic ˆeld
has been reported by Bers et al. [11]. However, for lon-
gitudinal waves in solid state plasmas the theoretical anal-
ysis of convective and absolute instabilities had not been
reported. We have analyzed theoretically longitudinal
waves (density waves) in a solid state plasma and have
clariˆed by a computer analysis of the dispersion equation
that convective and absolute instabilities of longitudinal
waves occur in the plasma in InSb [12]. Recently, it is
found by further detailed computer analysis that two
modes of absolute instabilities occur as the electron-hole
plasma density increases above a certain value under an
external transverse magnetic ˆeld.
The observations of microwave emission have been
reported under the condition of arbitrary orientations of
an applied electric ˆeld relative to an external magnetic
ˆeld [4,7]. The present computer analysis of the dispersion
equation for longitudinal waves is performed for arbitrary
orientations of a carrier drift velocity relative to the exter-
nal magnetic ˆeld. In the computations various values of
the magnetic ˆeld and the angle u are used, where u is the
angle between the carrier drift velocity and the magnetic
ˆeld.
On the computer analysis of the dispersion equation we
use the mapping operation for determining the nature of
instabilities in the plasmas as previously presented by Bers
et al. [11] and Briggs [13]. It is found by the computer
analysis of the dispersion equation that the frequency of
absolute instabilities increases with the external magnetic
ˆeld and the angle in the range of microwaves and mil-
limeter waves.
In this paper, we describe two modes of absolute in-
stabilities for longitudinal waves in the electron-hole plas-
ma in InSb under the external magnetic ˆeld and discuss
the nature of absolute instabilities when the external mag-
netic ˆeld and the angle u vary.
II. DISPERSION EQUATION AND
A METHOD OF ANALYSIS
The dispersion equation for longitudinal waves in solid
state plasmas for arbitrary orientations of a carrier drift
velocity relative to an external magnetic ˆeld [12] is
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Fig. 1 Relation between the frequency f of absolute instabilities
and the external magnetic field B0; (a) mode I, (b) mode
II.
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where the summation is over electrons and holes, the sym-
bols e and h denote electrons and holes, respectively. (See
the reference 12 on the physical parameters) On the com-
puter analysis of the dispersion equation we used mapping
operation for determining the nature of instabilities
[11,13]. The mapping operation indicates whether or not
instabilities are present. An absolute instability is obtained
whenever there is a double root of wave number k for
some complex angular frequency v in the lower-half v-
plain, that is, when the saddle point is formed in the up-
per-half k-plain the absolute instability occur. Thus the
saddle point in the complex k-plain indicates that the abso-
lute instability is occurring.
The numerical computations of the dispersion equation
were performed for arbitrary orientations of the carrier
drift velocity relative to the external magnetic ˆeld in the
electron-hole plasma in InSb at 77 K. The electron-hole
plasma density of 5×1022 m－3 and the electron drift veloc-
ity of 8×105 m/sec were used in the numerical computa-
tions and the external magnetic ˆeld was varied from 0 to 8
kG. Under the plasma conditions the density of electrons
is equal to that of holes.
III. RESULT AND DISCUSSION
Figure 1 shows the relation between the frequency f of
absolute instabilities and the external magnetic ˆeld B0 for
mode I and mode II as a parameter of the angle u. The ex-
ternal magnetic ˆeld is needed to occur the absolute in-
stability for mode I in Fig. 1(a) while the absolute instabil-
ity for mode II in Fig. 1(b) occurs even when no magnetic
ˆeld is present. The frequency increases with the magnetic
ˆeld and the angle as shown in Fig. 1. It is noted that for
mode I in Fig. 1(a) the frequency increases almost linearly
with the magnetic ˆeld. The frequency varies from 5.12 to
206 GHz for mode I in the range of microwaves and mil-
limeter waves, and varies from 72.5 to 299 GHz for mode
II when the magnetic ˆeld and the angle vary. It is found
that the frequency for mode II is higher than that for
mode I at a given magnetic ˆeld and an angle. The fre-
quency is maximum at the angle u＝90°as shown in Fig. 1,
that is, the frequency takes a maximum value under the
transverse magnetic ˆeld.
There have been reports on the observations of micro-
wave emission from the plasma in InSb under the condi-
tion of arbitrary orientations of an applied electric ˆeld
relative to an external magnetic ˆeld [4,7], however, the
observed emission is of a broad-band character. Poehler et
al. [6] have observed millimeter wave radiation at frequen-
cies up to 102 GHz from InSb under the transverse mag-
netic ˆeld and in this case the radiation is also of a broad-
band character. It is di‹cult to compare the present theo-
retical analysis with these experimental results due to the
broad-band emission. In order to clarify the mechanism of
the microwave emission, it might be useful to obtain a co-
herent microwave emission and detailed information on
the emission frequency. We have already observed con-
tinuous coherent microwave oscillation in InSb p-n junc-
tions [8] and InAs p-n junctions [9] under the transverse
high magnetic ˆeld (u＝90°). In this case the oscillation
frequency is below about 9 GHz while in the present analy-
sis the minimum frequency to occur the absolute instabili-
ty is 89.8 GHz for mode I and 72.5 GHz for mode II.
Therefore, it would seem that the mechanism of the micro-
wave oscillations in InSb and InAs p-n junctions could not
be explained by the present theoretical analysis. The
mechanism might be related to the instability in very thin
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Fig. 2 Relation between the frequency f of absolute instabilities
and the wavelength l of longitudinal waves; (a) mode I,
(b) mode II.
Fig. 3 Relation between the frequency f of absolute instabilities
and the phase velocity [p of longitudinal waves; (a)
mode I, (b) mode II.
and short sample of n-InSb under the transverse high mag-
netic ˆeld which has been reported by Kamakura [10].
We have calculated the wavelength and the phase veloci-
ty of longitudinal waves by the analysis of the dispersion
equation on the angler frequency and wave number.
Figure 2 shows the relation between the frequency f of ab-
solute instabilities and the wavelength l of longitudinal
waves for mode I and mode II. The frequency increases
with decreasing the wavelength as shown in Fig. 2. The
wavelength varies from 0.50 to 3.02 mm for mode I and va-
ries from 0.45 to 1.25 mm for mode II when the magnetic
ˆeld and the angle vary. It is noted that for mode II in Fig.
2(b) in the region of low frequency, that is, in the range of
low magnetic ˆeld, the relation between the frequency and
the wavelength is almost same property regardless of
diŠerent values of the angle u.
The relation between the frequency f of absolute in-
stabilities and the phase velocity [p of longitudinal waves
for mode I and mode II is shown in Fig. 3. The phase
velocity varies from 0.15 to 3.02×105 m/sec for mode I
and varies from 0.90 to 1.84×105 m/sec for mode II when
the magnetic ˆeld and the angle vary. For mode I the
phase velocity increases with the frequency and the angle
as shown in Fig. 3(a). On the other hand, for mode II the
phase velocity increases with the frequency and by further
increase of the frequency it takes a maximum value and
then decreases except for the property of the angle u＝
30°as shown in Fig. 3(b). The relation between the fre-
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quency and the phase velocity is almost same property
regardless of diŠerent values of the angle u for mode II in
Fig. 3(b) in the region of low frequency. This tendency
corresponds to the property for mode II in Fig. 2(b). It is
found that the wavelength and the phase velocity are little
dependent on the angle u under the low magnetic ˆeld.
The maximum phase velocity is on the order of 105
m/sec when the external magnetic ˆeld and the angle vary,
however, it is always smaller than the electron drift veloci-
ty. The electron drift velocity used in the present theoreti-
cal analysis is 8×105 m/sec. When the electron drift veloc-
ity is larger than the phase velocity of longitudinal waves
in solid state plasmas the waves grow in amplitude at the
expense of energy of the electron drift velocity so that in-
stabilities can occur. This mechanism is based on the two-
stream instability. In the present study the numerical com-
putations of the dispersion equation indicate that the
phase velocity of longitudinal waves is always lower than
the electron drift velocity when absolute instabilities occur
in the solid state plasma in InSb.
IV. CONCULUSION
Two modes of absolute instabilities for longitudinal
waves ( mode I, mode II ) are analyzed theoretically by the
numerical computations of the dispersion equation in the
electron-hole plasma in InSb under the external magnetic
ˆeld. The numerical computations are performed for ar-
bitrary orientation of a carrier drift velocity relative to the
external magnetic ˆeld. The frequency of longitudinal
waves increases with the external magnetic ˆeld and the
angle u in the range of microwaves and millimeter waves.
The frequency for mode II is higher than that for mode I
at a given magnetic ˆeld and an angle. The wavelength of
the longitudinal waves varies from 0.45 to 3.02 mm when
the magnetic ˆeld and the angle vary. The phase velocity
of the longitudinal waves for mode I increases with the fre-
quency while the phase velocity for mode II takes a maxi-
mum value when the frequency is increased. The maxi-
mum phase velocity is on the order of 105 m/sec and is
lower than the electron drift velocity in the plasma in
InSb. This result indicates that the mechanism of absolute
instabilities is based on the two-stream instability in solid
state plasmas.
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